Few data are available on the healthcare costs of those suffering from persistent orofacial pain (POFP). This cohort and cost analysis study examined the direct costs of POFP from the perspective of the healthcare provider (specifically, the UK National Health Service) in 2012 pounds sterling and sought to identify whether dichotomized (high, IIb to IV; low, 0 to IIa) graded chronic pain scale (GCPS) status is predictive of the total cost of healthcare over the last 6 mo. The healthcare utilization data of 198 patients with POFP were collected using a structured interview and a validated "use of services and productivity" questionnaire. Unit costs were used with these utilization data to calculate direct healthcare costs in 3 categories: consultation, medication, and appliances and interventions. Consultation costs were a significant proportion of cumulative healthcare cost (P < 0.001). Dichotomized GCPS status was predictive of increased healthcare cost over the last 6 mo, accounting for an average increase of £366 (95% confidence interval, 135 to 598; P < 0.01) when moving from a low GCPS status to a high GCPS status. Given the predictive capability of dichotomized GCPS status and the success of stratified models of care for other persistent pain conditions, dichotomized GCPS status may offer an opportunity to help determine stratification of care for patients with POFP.
Introduction
Persistent orofacial pain (POFP) is used to describe a group of heterogeneous illnesses including temporomandibular disorders, burning mouth syndrome, persistent dentoalveolar pain, trigeminal neuralgia, and atypical facial pain (persistent idiopathic facial pain) (Macfarlane et al. 2001; De Leeuw and Klasser 2013) . Given the nature of POFP and its range of symptoms, patients with POFP can present to either medical or dental practices and may need management from both (Madland and Feinmann 2001) . POFP frequently becomes a chronic illness and can be difficult to manage, exerting major effects on health and quality of life (Shueb et al. 2015) .
Management of chronic illnesses is subject to long-term use of healthcare services, but there are only finite amounts of resources available to provide these services. The use of resources in one particular manner precludes their use in other desirable ways. The benefits forgone represent the opportunity cost, or economic cost, of using resources (Drummond et al. 2005) . Opportunity costs can be estimated by valuing the use of services in monetary terms. Costs themselves can be directly (e.g., medication costs) or indirectly (e.g., travel costs) incurred related to healthcare. Knowledge of the costs incurred provides a baseline to consider whether changing the manner in which resources are used will be worth the benefits that might be provided; one example may be to change the way patients with POFP access or receive healthcare in order to improve the effectiveness and efficiency of the services used and perhaps even to recommend different levels of use of services (and hence, cost) on the basis of predicted need. A good example of how predicted need might be established is through the use of the graded chronic pain scale (GCPS). GCPS status and its dichotomization has been shown to help inform the type, and extent, of therapeutic intervention required for persistent pain (Von Korff et al. 1992; Dworkin et al. 2002; Von Korff and Dunn 2008; Manfredini et al. 2013; Kotiranta et al. 2015) . Dichotomization of the GCPS may offer a screening instrument to help determine care pathways, or resource allocation, for patients.
Currently, few and limited data are available on healthcare costs (Glaros et al. 1995; Shimshak et al. 1997 , this article examines the direct costs of POFP using UK healthcare utilization data. The study aims to identify the major components of healthcare cost and determine whether dichotomized GCPS status (Von Korff et al. 1992; Dworkin et al. 2002) is predictive of the total cost of healthcare in the last 6 mo.
Materials and Methods
The DEEP study received ethical approval (National Research Ethics Service reference 12/YH/0338) and its methods are summarized below. An online open-access protocol is also available ).
Sample
An a priori sample size of 200 was determined (α = 0.05) in order to detect, with 80% power, a moderate effect size of 0.4 (Cohen 1988 ) between groups using 2-tailed inferential statistics. This sample size allows the use of regression analyses in order to examine up to 30 predictors of costs of managing POFP at a moderate effect size (α = 0.05; β = 0.8) (Green 1991) . The a priori predictor of interest derived from the literature was dichotomized graded chronic pain status, given its prognostic validity and role in helping determine appropriate treatment regimens (Von Korff et al. 1992; Von Korff and Dunn 2008; Manfredini et al. 2013; Kotiranta et al. 2015) .
To allow for a 20% attrition rate through loss to follow-up and nonresponse, the target was to recruit 240 individuals from primary-based (community) and secondary-based (hospital/ specialist) settings across the North East of England .
Individuals who met the following criteria were eligible for this study: orofacial pain for 3 mo or more, positive screening for a musculoskeletal and/or neuropathic or vascular origin of the pain (Hapak et al. 1994; Gonzalez et al. 2011) , age over 18 y, and ability to give informed consent in English. Individuals were excluded if they were screened as only suffering from dentoalveolar pain or they had insufficient knowledge of English to be able to complete reliable consent or data collection.
Measures and Instruments
Six instruments completed by participants are reported here: EQ-5D-5L for generic quality of life (Herdman et al. 2011 ), GCPS (Von Korff et al. 1992 Dichotomized GCPS status was generated by calculating the standard 5-point ordinal GCPS rating (0 to IV in order of ascending disability) and applying the algorithm provided by Dworkin et al. (2002) to subdivide grade II into "high disability" (IIb) or "low disability" (IIa). This algorithm converts the 5-point standard GCPS rating into 6 points and allows dichotomization into low GCPS (grades 0 to IIa) and high GCPS (grades IIb to IV) states.
Procedures and Data Collection
Primary care recruitment occurred from 10 dental practices and 25 medical practices, representative of all deciles of the index of multiple deprivation (a UK multifactorial deprivation measure). Secondary care recruitment occurred at dental emergency clinics and at specialist clinics in neurology, oral and maxillofacial surgery, oral medicine, and restorative dentistry. All recruiting centers used a standardized proforma to refer individuals to the study whom they felt would fit the appropriate inclusion criteria. Upon receipt of the proforma, the research team undertook a standardized approach to screening and then recruitment .
Eligibility screening used validated self-complete screening questionnaires (Hapak et al. 1994; Gonzalez et al. 2011) to identify the origin of the participants' pain complaint as musculoskeletal (sensitivity, 63.1%; specificity, 85.9%), neuropathic/ vascular (sensitivity, 66.3%; specificity, 96.8%), or a combined origin if the instruments used could not definitively distinguish between origins. Individuals with positive screening results were invited to participate in the study, informed written consent was taken, and their screening group was then used as their pain origin for the analyses. Those patients with negative screening results were thanked for their interest and took no further part in the study unless a clinical diagnosis was available from a specialist clinician that suggested this was a false negative, in which case they were included and assigned a grouping in accordance with their specialist's clinical diagnosis.
Initial data collection was performed by trained interviewers who conducted baseline, structured interviews with questions relating to the individual's employment, education level, duration of pain, gross monthly income, and numbers and details of healthcare contacts and treatments received. The reference period for these questions was the duration of the pain complaint up to the interview. Interviewers systematically examined the individual's account of events over the duration of his or her complaint and recorded the data on a standardized proforma. These interview data allowed the estimation of healthcare utilization and, in combination with healthcare unit costs, the per annum cost of the POFP condition over the duration of the complaint.
In contrast, the healthcare utilization of the patient over the last 6 mo was specifically examined using the USPQ, and these data in combination with the healthcare unit costs allowed the calculation of the healthcare costs over the last 6 mo. The USPQ was issued along with all other study instruments after the interview.
Data Analyses
Estimation of costs. Costs of POFP to healthcare providers were grouped into 3 broad categories: consultation costs (visits to healthcare professional for discussion), medication costs, and appliance (dental/surgical) and intervention (dental/medical/ surgical) costs. All costs are at 2012 prices in pounds sterling, the year the DEEP study started. Unit costs and sources used are detailed in Appendix Table 1 and are briefly described below.
All unit costs were multiplied against appropriate healthcare utilization data either from the USPQ, to calculate costs for the last 6 mo, or data gathered in the structured interview, to calculate the total cost up to entry into the study. Per annum costs were then calculated by dividing the total cost up to entry into the study by the participant's duration of pain.
Dental primary care consultation unit costs were based on the average consultation time in primary care, the British Dental Association's standard contract for primary care, and the 2012/2013 dental earnings national report (Health and Social Care Information Centre 2014). Other medical and allied health professionals' consultation unit costs in primary care were calculated using the 2012 Personal Social Services Research Unit (PSSRU) unit costs for healthcare. Secondary care consultation unit costs were identified from the National Health Service (NHS) reference costs for the 2011 to 2012 financial year (UK Department of Health 2012).
Nonproprietary medication dosing regimens were multiplied against price data from the British National Formulary (Joint Formulary Committee 2012) and do not include pharmacy charges to the patient.
Primary dental care appliance and intervention unit costs were calculated using the number of units of dental activity (UDA) specified in the dental contract (National Health Service 2005) for the item of treatment reported multiplied by the average UDA cost (£25.61) for England and Wales in 2012 (personal communication from the British Dental Association via a freedom of information request from the UK Department of Health in 2012). All participants paid a proportion of the burden of the total cost of the dental care with the state.
Appliance and intervention unit costs for other medical and allied health professionals were calculated using the 2012 PSSRU unit costs for healthcare. Secondary care treatment unit costs were taken as the mean unit value from the appropriate NHS reference cost for the 2011 to 2012 financial year (UK Department of Health 2012). Secondary care dental costs for hard stabilization and soft splints were not available in the reference costs and were obtained from a local hospital.
Statistical procedures. STATA software was used for all analyses (version 13; StataCorp LP). Standard descriptive statistics were calculated. Parametric inferential statistical tests were used to examine differences in the impact of pain between the dichotomized high and low GCPS groups and also in the analysis of dropout from the study. Bootstrapping using the biascorrected accelerated method with 1,000 repetitions was conducted to produce confidence intervals around the point estimate of the mean total cost and 3 cumulative cost categories: consultations, medication, and appliance and intervention costs. A bootstrapped one-way analysis of variance was then used to examine differences between costs in the 3 cumulative cost categories in line with recommended practice for cost data (Barber and Thompson 2004) .
Scatter plots were used to examine outliers and crosscheck validity of data entry. Different functional forms of regression were tested (linear and log-linear), but the best performing model, as would be expected and recommended as best practice by the literature (Mihaylova et al. 2011) , was a generalized gamma linear model (GLM) using an identify link function. This GLM was used to examine the relationship between total cost over the last 6 mo and the dichotomized GCPS status, controlling for demographic and socioeconomic factors. A modified park test was used to confirm the family for the GLM.
Deterministic sensitivity analyses (DSAs) were conducted on variables where there could be uncertainty over the unit costs, such as primary dental care consultation costs and secondary care consultation and treatment costs. DSAs used alternate higher and lower values for the unit costs in order to recalculate the total cost at its highest and lowest plausible values. In the case of those variables calculated from healthcare reference costs, the upper and lower quartile values were used as the basis for the DSA (UK Department of Health 2012). For all other variables, 1 standard deviation (SD), as given by the source used (Appendix Table 1 ), was used to explore the range of cost for the DSA.
In the instruments used in the study, there were no missing data in the GCPS or MPI. EQ-5D-5L had 5 singular missing data points (0.5%) and these were imputed. Ten individuals had missing PHQ-4 data; therefore, the summary score was incalculable. IPQ-R had 3% of data missing across all domains; after imputation per domain, there were 5 to 7 participants per domain for whom domain scores could not be calculated (>1 missing item). Imputation procedures are explained in the Appendix.
Our report follows the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement regarding cohort studies (von Elm et al. 2007 ).
Results
From a total of 387 individuals referred for eligibility screening by the participating centers , 279 (72%) agreed to be screened. There was no significant difference in age [t (366) = 1.24; P = 0.215; 95% confidence interval (95% CI) difference, −1.52 to 6.73 y] or gender [χ 2
(1, n = 386) = 0.66; P = 0.261] between those declining the invitation to be screened and those who accepted the invitation.
The Figure demonstrates the flow of participants and dropout rates through the study after screening. The final 198 participants used for this study did not differ significantly in gender [χ 2
(1, n = 239) = 0.20; P = 0.658], ethnicity [F (6,232) = 0.16; P = 0.988], duration [t (237) = 1.43; P = 0.154; 95% CI difference, −12.12 to 76.65 mo], or origin of pain [F (2,236) = 2.13; P = 0.122] from those who dropped out. However, those participating were older than those who dropped out [t (237) = 3.78; P < 0.01; 95% CI difference, 5.28 to 16.87 y].
Women made up the majority of those recruited (81%) and the screening results revealed that the most frequent origin of the pain was musculoskeletal (43%; Table 1 ). The majority of the sample was employed (59%; Table 1), and the mean monthly gross salary was £940 (SD 1,018). Appendix Table 2 details the history and impact of the pain, demonstrating that the participants had a variable duration of pain with a mean duration of 108.4 mo (SD 130.3). Over this period, they had consulted on average 4 (SD 2) healthcare professionals in relation to their complaint, with most patients (93%) having experienced at least 1 treatment for their pain. Table 2 demonstrates healthcare costs since the complaint began, with a significant difference evident between consultation, medication, and appliance and intervention costs. Consultation costs were significantly higher than both of the other 2 cost categories in both costs per annum [F (2,591) = 71.08; P < 0.001] and in costs incurred over the last 6 mo [F (2,591) = 70.30; P < 0.001] and thus accounted for the largest proportion of the cumulative healthcare cost.
The DSAs, which varied the unit costs to account for uncertainties over the costs of some variables, suggest that the lowest plausible total mean cost per annum is £292 (95% CI, 239 to 345) and the highest is £473 (95% CI, 383 to 563). Similarly, the lowest plausible total mean cost over the last 6 mo is £544 (95% CI, 455 to 634) and the highest is £766 (95% CI, 607 to 925).
Because of missing data in some of the sociodemographic variables, the sample size used in the GLM regression model was 175. The model's results (Table 3) demonstrate that dichotomized GCPS status is a statistically significant predictor of the total pain management costs over the last 6 mo, controlling for age, gender, origin of pain, duration of pain, employment status, level of education, and index of multiple deprivation. Moving from a low to a high GCPS status increased costs by £366 (95% CI, 135 to 598; P < 0.01). Costs in each cost category, along with sociodemographic and economic status, are also broken down by dichotomized GCPS status in Appendix Tables 3 and 4. The high GCPS state (IIb to IV) produces significantly more biopsychosocial impact than the low state, as measured by the MPI, PHQ-4, and EQ-5D-5L (Table 4 ). There were few differences in illness perceptions between those in the 2 states.
Discussion
Consultation costs were identified as the major driver of total healthcare utilization costs in POFP and, therefore, also represent the main use of health services. The dichotomized GCPS state was identified as a good predictor of the total cost of healthcare utilization, and the high GCPS state was associated with significantly more biopsychosocial impact than the low GCPS state. Taking these 2 facts into consideration, the dichotomized GCPS status may be used as a tool to better allocate resources. Because the GCPS is applicable to and valid in all healthcare communities around the world, this finding is applicable to any healthcare system, state-funded or private. In all healthcare systems, resources are finite and there is a desire to see resources used to the patient's best advantage. The dichotomized GCPS may help determine stratified care pathways similar to those utilized with great success in other persistent pain conditions (Hill et al. 2011) , which would address the call for such a system recently issued by a qualitative examination of POFP care (Peters et al. 2015) .
There are several ways such a stratified model might work, but one worth investigating might use a hub (specialist care center) and spoke (community nonspecialist screening and treatment center) model and be initiated at the spoke by establishing the dichotomized GCPS at first presentation. High GCPS status at first presentation would result in immediate expedited care from the hub, whereas low GCPS would result in immediate care from the spoke. This putative system would offer the opportunity to rationalize healthcare use, by focusing care on where it can be most useful. This may also help decrease the chances of further significant biopsychosocial effects and neuroplastic changes, especially in patients with higher levels of pain-related disability, given that the optimization of resources and the use of a full range of allied health professionals is likely to decrease waiting times. The use of this type of system might also help reduce the monetary and time costs in healthcare systems where large traveling distances exist between community and specialist settings.
There are limitations to this study. Despite the wide sociodemographic range of the sample, the cohort examined may not be representative of other populations. Dropout may have resulted in selection biases of differing types. The data may be subject to recall bias owing to the time period of recall for an individual's 279 screened for eligibility 239 recruited at baseline 37 failed to respond to baseline data collection 202 returned baseline data: 199 complete data b 3 partial data c 40 excluded a : 20 failed to return consent 11 failed to meet inclusion criteria 9 declined to participate after screening positive a No significant difference in age, gender, or origin of pain between those screening positive who agreed to participate and those who declined involvement (P > 0.05). b One individual withdrew their data from the study at eighteen month data collection because of disagreement with the questionnaires. This left 198 complete datasets for analysis. c Three individuals stated that they had returned baseline data, but no data were received and they were unwilling to re-complete baseline data collection. Although they continued on with the study longitudinally their baseline data are unavailable for this paper.
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use of healthcare. Recall bias and the differing modes of identifying healthcare use (interview versus questionnaire) may account for the higher healthcare costs over the last 6 mo compared with per annum costs; for the former, some individuals were recalling utilization over several years. Uncertainty around the "true" unit costs of care also may mean that final total cost figures are subject to variation. Nevertheless, we explored this in extensive sensitivity analyses and the conclusions from these analyses remain the same as the main analysis. This study provides quantitative corroboration of previous qualitative research data that suggest that the healthcare pathway for POFP is complex and potentially "consultation heavy" (Durham et al. 2011; Durham and Nixdorf 2014; Peters et al. 2015) . The data presented here can be interpreted as either that people with POFP may have a protracted search themselves to find a cure, better pain management, or a diagnosis (Aggarwal et al. 2008; Durham et al. 2011; Peters et al. 2015) or that people with POFP have received a diagnosis and treatment but continue to exhibit further demand for treatment and thus continue to receive consultations (Barsky et al. 2001; Aggarwal et al. 2006) . Although generic evidence exists that levels of somatization help predict healthcare use (Barsky et al. 2001) , the evidence base for this in POFP is equivocal (Macfarlane et al. 1999) . Given the qualitative data from published studies in the Data are given as n (%) or the mean ± standard deviation. COMB, combined origin-derived from screening questionnaires used at entry to study (Hapak et al. 1994; Gonzalez et al. 2011) ; IMD, index of multiple deprivation; MSK, musculoskeletal; NP/NV, neuropathic/vascular; POFP, persistent orofacial pain. a IMD rank is calculated using the 2010 English census data, which defined 32,482 small geographic areas in England. Each of these areas was assessed on 38 domains and scored according to standardized criteria. Each area was then ranked from the best score (rank 1) to the worst (32,482) according to IMD score (http://neighbourhood.statistics.gov.uk/dissemination/). b Major group occupational categories from the UK Office for National Statistics Standard Occupational Classification 2010 are as follows: group 1, managers, directors, and senior officials; group 2, professional occupations; group 3, associate professional and technical occupations; group 4, administrative and secretarial occupations; group 5, skilled trades occupations; group 6, caring, leisure, and other service occupations; group 7, sales and customer service occupations; group 8, process, plant, and machine operatives; and group 9, elementary occupations. Bootstrapped confidence intervals of the total cost using a bias-corrected accelerated technique and 1,000 repetitions are given in parentheses. Coefficients are given in pounds sterling at 2012 prices. Interpretation example: those with no public examinations compared with those with a degree-level education cost, on average, £227 more for their health utilization holding all other variables constant. Prices can be converted to other national currencies using the validated Campbell and Cochrane Economics Methods Group and the Evidence for Policy and Practice Information and Coordinating Centre's cost converter (Shemilt et al. 2010 ; available at http://eppi.ioe.ac.uk/costconversion/; last accessed March 8, 2016). 95% CI, 95% confidence interval; GCPS, graded chronic pain scale; IMD, index of multiple deprivation. a P < 0.01. b P < 0.05.
literature (Aggarwal et al. 2008; Durham et al. 2011; Peters et al. 2015) and from the DEEP study itself (unpublished data), it is potentially more likely that some of the disparity between cost categories may be attributable to a lack of "ownership" of these patients, with patients falling between the 2 silos of dentistry and medicine. This leaves those affected without a defined care pathway and without a defined point of entry for a more tailored and specific diagnosis and management. One way of preventing this would be to create a defined point of entry for anyone with orofacial pain persisting over 3 mo at the spokes of the hub and spoke model. Using the dichotomized GCPS status to stratify care at first presentation to the spokes would help decrease the number of consultations, which were the major driver of cost in this study. However, the question of whether allocation of more resources to one particular group of patients would be beneficial still remains to be answered. Answers to this question may be identified in the economic modeling of longitudinal data from the ongoing DEEP study.
